Abstract Composite surface soil samples (236 samples) were collected from three fodder farms irrigated for a long period with the treated sewage effluents or well water through a center pivot system. The soil of the 1st farm was loamy sand in texture while it was sandy loam for the other two farms, all were calcareous containing more than 10% of (CaCO 3 , respectively. It can be concluded that all soil properties except pH had high coefficients of variation, indicating strong variability over space. The data of geo-statistical analysis showed that only TDS and ESP in the 1st farm as well as OM in the 2nd farm had weak spatial dependency while other properties had moderate or strong spatial dependency. Moreover, the TDS and CaCO 3 parameters of the 1st and 2nd farms had stronger nugget effects.
Introduction
The increase in demand of water for agricultural production has forced farmers to use treated municipal wastewater in Saudi Arabia and many other countries located in arid or semiarid regions (Al-Omran et al., 2004 Rattan et al., 2005) . The effects of the long use of wastewater on soil properties have been documented with regard to heavy metals (Rattan et al., 2005; Mapanda et al., 2005) , and soil physical and chemical properties (Tabari and Salehi, 2010) . Abedi-Koupai et al. (2006) showed that accumulation of Pb, Mn, Ni and Co in the soil increased significantly in the wastewater treatment as compared to the groundwater treatment, while (Friedel et al., 2000) reported that soil organic matter and soil microbial increase with long term use of wastewater irrigation. From the literature it is well known that the use of wastewater in agriculture may result in deterioration of the quality of the soil, in particular, creating sodic soils which adversely affect soil's physical properties and consequently a reduction in yield (Emadi et al., 2008) . Thus, the effects of water quality on soils, crops and environment are of concern to many people when the source of irrigation is wastewater which may contain some elements capable of inducing harm effects on soil and agricultural products. On the other hand, there is a shortage in the information and the knowledge concerning soil variability, which requires further investigations as the variation in soil properties must be monitored to allow a better management of soil and crop production (Lin et al. 2005) . The factorial krigging analysis is a variant of kriging that aims to estimate and map different sources of spatial variability determined from the experimental variograms (Goovaerts, 1992 (Goovaerts, , 1998 . This multivariate geostatistical technique allows description of the spatial relationships, as well as separating the sources of variation according to the spatial scales at which they operate (Imrie et al., 2008) . The parameters of variograms provide the essential spatial information for krigging, which is a method of optional estimation for variable (McBratney and Webster, 1983; Vaezi1 et al., 2010) . Wei et al. (2009) reported on their study in soil of northeastern China that classical statistic indicated that total carbon (TC), total Nitrogen (TN), silt, sand, clay content, and bulk density were moderate variables, however geostatistical analyses showed that the spatial autocorrelation for TC, TN was weak and strong for clay. In another study in Turkey by (Cemek et al., 2007) reported that soil properties indicated moderate to strong spatial dependence (Karanlik et al., 2010) , concluded that semi variograms of all the total metal contents, pH, available Ni and Pb were fitted to spherical models and krigging was used to interpolate values at unmeasured location on field in Turkey. In the literature the classical statistics, which assumes completely independent measurements, was found to be unsuitable for capturing and describing spatial dependency (Cemek et al., 2007; Emadi et al., 2008) . On the other hand Geostatistics, a rapidly evolving branch of applied statistics and mathematics that offers a collection of tools, has been utilized extensively to illustrate the spatial variability of a variety of natural phenomena (Hoover and Wolman, 2005; Jackson et al., 2007) , as well as spatial characteristics of soil attributes (Martin and Timmer, 2006; Buytaert et al., 2007; Brus and Heuvelink, 2007; Zuo et al., 2008; Syeda and Malik, 2011) . Therefore, the objective of this study was to investigate the effect of irrigation for long periods from well and treated sewage effluents on some soil properties, as well as its relation to the spatial variability for some soil characteristics using geostatistical methods.
Materials and methods
The current study was conducted on three fodder farms located at 30-40 km southwest of Riyadh, Saudi Arabia. The 1st farm (24°21 À 50 = N&46°58 À 06 = E) was irrigated with well water for more than 30 years through center pivout irrigation system, while the 2nd farm (24°21 À 20 = N&46°56 À 00 = E) and 3rd farm (24°21 À 20 = N& 46°56 À 50 = E) were irrigated with secondary treated sewage effluent for 15 years. Composite soil samples (236 samples) were collected from the surface layer (0-30 cm depth) by 50 · 50 m grid in the chosen three farms. Soil samples were air-dried and gently crushed, thoroughly mixed and passed through a 2 mm sieve, and stored for chemical and physical analysis. Calcium Carbonate content was determined using a calcimeter according to (Loeppert and Suarez, 1996) . Soil pH was measured using a glass electrode in a saturation paste and the total soluble salts in the soil extract were determined using a digital electrical conductivity meter (Sparks et al., 1996) . Particle size distributions were analyzed according to (Gee and Bauder, 1996) . Organic matter was measured according to the methods described by (Nelson and Sommers, 1996) . The concentrations of Na and K were determined using flame photometer. The concentrations of Ca, Mg, Cl and HCO 3 were determined by titration. Sulfate (SO 4 ) was determined using the turbidimetric method and the resulting turbidity was measured by a spectrometer (Sparks et al., 1996) . Moreover, the total content of heavy metals (Fe, Mn, Cu, Zn, Pb, Cd, As, Cr, Ni and Co) in the soil was determined after digestion using the Hossner method (Hossner, 1996) . Specifically, soil samples were digested using HF-H 2 SO 4 -HClO 4 . The concentrations of total metal were analyzed using ICP (Perkin Elmer, Model 4300 DV).
Statistical analyses
A classical statistics, with mean, variance and coefficient of variation CV, range .etc, was computed for each soil properties with the assumption that the data are spatially independent. Finally, descriptive statistics (range, median, SD, max, min, etc. . .) was calculated using Manugistics (2000) . Also Geostatistical software (GS + 9.1, 2005) was used to construct semivariograms and spatial structure analysis for the data. The theory of geostatistics and its application in soil science has been described in details by Trangmar et al. (1985) and Webster and Oliver (2001) . A semivariogram displays the change in the semivariance between soil samples as the distance between them increases. The semivariance function c(h) at a given lag (h) is estimated using the following equation (Trangmar et al., 1985) .
Where c(h) is the semi variance; Z the regionalized variable (i.e., soil property); Z(x i ) the measured sample at point x i ; Z(x i + h) the measured sample at point (x i + h) and N(h) the number of pairs separated by distance or lag h.
The krigging estimate can be expressed as:
where Z(X o ) is the estimate of unknown true value; k i the weighted coefficient and n the number of neighboring observation used in krigging The kriged values were then used to produce maps for each soil properties. were relatively higher in well water compared to the treated sewage effluent. Moreover, NO À 3 and heavy metals (Ni, Cu, Zn, Cd, Pb and Mn) were relatively higher in the concentrations in treated sewage effluent farms (Table 1) . On the other hand, data in Table 1 show that the soil of the 1st farm was loamy sand in texture, while it was the sandy loam for the other two farms. Also all the studied soil samples were calcareous containing more than 10% CaCO 3 , which reflected on low available soil phosphorus as well as micronutrients. The soil salinity (EC values) 
Results and discussion

Soil and irrigation water properties
Traditional statistics
From the classic statistics' point of view data in Table 2 indicated that the mean and median values of the majority of soil properties measured at all studied farms were similar, with median values generally slightly lower than the means, indicating dominant measures of central tendency. It is also obvious that the soil properties are often distributed non-normally in space, for example, the EC, ESP and CaCO 3 parameters of the 1st farm had a high skewness value greater than one implying that the frequency distributions were highly skewed. On the other hand the respective higher skewness values were obtained with the (EC;SO 2À 4 and OM) and (SO 2À 4 and CaCO 3 ) in the 2nd and 3rd farms, respectively. Thus, especial care should be taken in applying the transformation to stabilize the variance (Emadi et al., 2008) .
The coefficient of variation (CV) is an index of the overall variation or heterogeneity of a given variable. The calculated CV (i.e., the ratio of the standard deviation to the mean value times 100) indicated that, all soil properties (except pH, ESP and bulk density) of all studying farms had a CV between 16% and 59%, demonstrating a substantial variability within the datasets (Table 2 ). The SO 2À 4 had the highest CV values followed by salinity and CaCO 3 . This was true for all studied farms either those irrigated with the treated sewage effluent or well water. It is interesting to note that the traditional statistics cannot separate the different sources of spatial variability affecting soil properties at the site surveyed. This required a particular statistical approach that combines classical factor analysis for describing the correlation structure of a multivariate data set with geostatistics, to take into account the regionalized nature of the variables, which will be discussed later. 
Geostatistical analysis
The spatial dependence of soil properties was determined by semivariance analysis, which indicated that the tested variables in each farm were modeled with linear, spherical, Gaussian or exponential semivariograms with a nugget effect. Generally the nugget effect can be defined as an indicator of continuity at close distances. And the soil properties with lower nugget effect were defined by spherical semivariogram model. Obviously, data in Table 3 indicated that the semivariogram for the studying parameters was differing from one farm to another depending upon the type of studied parameter which could be fitted to linear, spherical, exponential, and Gaussian models. Where C0 is the nugget, C0 + C is the sill, and A0 is the range (Robertson, 2008) . Based on the best fitted semivariogram model, maps for each variable can be obtained using an ordinary krigging interpolation, as shown in Figs. 1-3 . The nugget value represents the random variation which was derived from the inaccuracy of measurements or variations of the properties that cannot be detected in the sample range (Trangmar et al., 1985) . The sill value is the upper limit of the fitted semivariogram model (Webster and Oliver, 2001) . The ratio of nugget to sill indicates the spatial dependency of the soil properties. The range of the semivariogram represents the average distance through which Figure 2 Spatial distribution map for some selected parameters of the 2nd farm. the variable semivariance reaches its peak value. A small effective range implies a distribution pattern composed of small patches. The cross-validation value is the determination coefficient (r 2 ) of the correlation between the measured values and the cross-validation values, which were predicted based on the semivariogram and neighbor values (Robertson, 2008) . Spatial dependency is commonly accessed in terms of the ratio of nugget to sill expressed in percentage (Emadi et al., 2008; Zuo et al., 2008) . In this respect a low ratio (less than 25% as was found for TDS, SO 4 , ESP and OM) means that a large part of the variance is introduced spatially, implying a strong spatial dependency of the variable. A high ratio (more than 75% as was found with pH in the 1st farm and clay & CaCO 3 content in the 3rd farm) often indicates weak spatial dependency in the present sampling resolution. It is very important and interesting to note that the values of pH, ESP, and O.M, in all studied farms have relatively low nugget effects of the best-fitted model. Additionally, all the other variables have a moderate or strong spatial dependency. As the soil properties with lower nugget effect were defined by the spherical semivariogram model, the low nugget effect showed the homogeneous of soil properties. However, the higher nugget effect can be related to the fodder vegetation and the presence of micro heterogeneity on the sampling grids. The effective ranges of OM reached 60.4, 30.0 and 72.8 m in the 1st, 2nd and 3rd farm respectively, while the respective range of CaCO 3 reached 22.2, 18.6 and 68.5 m and 54.9, 59.3 and 268.14 m respectively for clay. It is needless to say that, the higher effective range indicates a large-patched distribution pattern (Table 3) . Furthermore the spatial variability of the pH values of the 1st, 2nd and 3rd farms at a range equals to 108.98, 50.6 and 53 m, respectively. In this respect, Paz-Gonzalez et al. (2000) pointed out a range from 6 to 7.5 m for 35 sample points of pH within a 10 · 10 m plot. On the other hand the calculated nugget values may vary largely while sill values usually remain almost the same with different applied models, leading to a considerable variation in nugget/sill ratios (Table 3) . It is interesting to note that the low nugget effect at all studied cultivated soils generally, showed the homogeneous of some soil properties such as pH, ESP, O.M and somewhat CaCO 3 %.
Finally, an attempt was made to relate the finding of geostatistical analysis to the field. In this respect, an aerial photograph was obtained to the 1st farm for the same period of taken soil samples. Data in Fig. 4 represent the results of O.M, pH and EC values with an arrow and indicate the high and low values of these parameters in the farm which corresponds to high or low yield as indicated by the color of the plants. Obviously, the areas which are characterized by relatively low soil salinity levels, high O.M content and low pH values are the same areas that have a relatively better and healthy plant growth. Meanwhile, the areas having a relatively weak plant growth has a relatively high soil EC and pH values as well as low O.M content.
Conclusions
The results of this study indicated that classical statistical analysis cannot separate the different sources of spatial variability affecting soil properties at the site surveyed. However, from the geo-statistical point of view it can be speculated that only TDS and ESP in the 1st farm as well as OM in the 2nd farm had weak spatial dependency while other properties had moderate or strong spatial dependency. Moreover, the TDS and CaCO 3 parameters of the 1st and 2nd farms had stronger nugget effects (smaller nugget/sill percentage). Therefore, it could be concluded that a study on the spatial variability of sampling sites may lead to a proper understanding of the situation of existing farm soils by making it easier to have good management and maintaining the sustainability of productivity.
